From neurointermediate pituitary glands of Xenopus laevis and Rana escuknta, previously unreported peptides termed hydrins, active on water permeability of frog urinary bladder and frog skin (Brunn or "water-balance" effect), have been isolated and sequenced. These peptides seem to be derived from the pro-vasotocin-neurophysin precursor. Hydrin 1, found in Xenopus, has been identified as vasotocin C-terminally extended with the Gly-Lys-Arg sequence; hydrin 2, found in Rana, has been identified as vasotocin C-terminally extended with glycine. Hydrin 2 has been detected in several Ranidae (R. esculenta, Rana temporaria, Rana pipiens) and Bufonidae (Bufo bufo, Bufo ictercus) and appears to have a large distribution in terrestrial or semiaquatic anurans. Hydrins, in contrast to vasotocin, are not active on rat uterus or rat blood pressure. They are absent from other vasotocinbearers such as birds and could be involved specifically in water-electrolyte regulation of amphibians.
Water-electrolyte regulation in amphibians raised peculiar developmental and evolutionary problems because of the transition from aquatic life to terrestrial conditions. Among order Anura, three families, toads (Bufonidae), frogs (Ranidae), and Xenopus (Pipidae), are mostly terrestrial, semiaquatic, and aquatic, respectively, and could have experienced different molecular adaptations. In nonmammalian tetrapods, the neurohypophysial peptide vasotocin (1-3) is known to play on kidney the antidiuretic role attributed to vasopressin in mammals (4) . Furthermore, in frogs and toads, this hormone is also active on urinary bladder, determining water reabsorption across the wall, and on skin, increasing water uptake from hypotonic bathing solutions (Brunn or "water-balance" effect) (5) . In these species, aside from vasotocin and mesotocin, which have been chemically characterized in Rana esculenta (1, 6) , Rana pipiens (7) , and Bufo bufo (2) , occurrence of an additional peptide stimulating active sodium transport through the skin ("natriferic effect") has been suggested (8) . In Xenopus, however, vasotocin, detected in the posterior pituitary gland (3) , is active neither on the bladder nor on the skin ofthis permanently freshwaterdwelling animal in contrast to frogs and toads (5) . Therefore, it was of interest to investigate comparatively the maturation of the vasotocin precursor in Rana and Xenopus genera and to look for previously unreported active peptides.
In nonmammalian tetrapods, vasotocin is linked to a MSEL-type neurophysin (neurophysin containing methionine-2, serine-3, glutamic acid-6, and leucine-7) in a common precursor (9, 10) . This precursor, homologous to the mammalian vasopressin precursor, is processed into two pieces rather than three as is the mammalian one. As a result, along with vasotocin, a "big" neurophysin encompassing two domains homologous to mammalian MSEL-neurophysin and copeptin, respectively, is produced (9, 11) . Neurohypophysial peptides of R. esculenta and Xenopus laevis have been examined to specify the vasotocin precursor processing in these species.
MATERIALS AND METHODS
Animals and Neurointermediate Pituitaries. X. laevis (average body weight, 100 g) were kindly provided by J. Charlemagne from a breeding colony. R. esculenta (average body weight, 80-100 g), collected in the wild, were bought from a dealer. These animals were kept for several weeks in the laboratory. Animals were killed by decapitation. The two lobes of the pituitary gland (adenohypophysial and neurointermediate) were taken out and immediately used. Neurointermediate lobes (1.2 mg for Xenopus and 0.5 mg for Rana) were homogenized with 0.1 M HCl (0.06 ml per gland) in a Potter-Elvehjem homogenizer for 4 min and then extracted for 4 hr at 40C; after centrifugation, aliquots from the supernatant solution were taken for bioassays.
Bioassays. Rat oxytocic (uterotonic) activity was measured without magnesium as described by Holton (12) , and rat pressor activity was measured as described by Dekanski (13) . Frog bladder activity was determined as described by Sawyer (14) and Bentley (15) Reverse-Phase High Pressure Liquid Chromatography. The supernatant was subjected to reverse-phase HPLC using a Nucleosil C18 column (4.5 x 210 mm; particle size, 5 gm), and an acetonitrile linear gradient (5-60o) containing 0.05% trifluoroacetic acid was applied for 55 min, followed by an isocratic elution with 60o acetonitrile for 5 min. A Waters model 204 chromatograph equipped with a model U6K manual injector, a model 680 solvent programmer, a model 441 UV absorbance detector, and a model 730 data module was used. Absorbance was monitored at 214 and 280 nm; 0.6-ml fractions were collected.
Amino Acid Analysis and Microsequencing. Amino acid compositions were determined with 0.5-1.5 nmol of peptides Abbreviation: MSEL-neurophysin, neurophysin containing methionine-2, serine-3, glutamic acid-6, and leucine-7.
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. after hydrolysis (6 M HCO in sealed evacuated tubes at 105°C for 48 hr) on a Spinco model B analyzer fitted with a high-sensitivity cell (18) . Microsequencing of peptides (about 0.2-1 nmol) was carried out by using an automated Edman degradation in an Applied Biosystems model 470 A gas-phase protein sequencer under the conditions described by Hewick et al. (19) . Phenylthiohydantoin derivatives were identified and measured by reverse-phase HPLC in an "on-line" Applied Biosystems model 120 A analyzer.
RESULTS
Identification of X. laevis Neurohypophysial Peptides. Purification of X. laevis neurohypophysial peptides has been performed four times with one, two, three, and four glands, respectively. Results for the two-gland experiment are shown in Fig. 1 for HPLC separation and in Table 1 for the yields in activities and in nmol. The molar activities calculated for vasotocin (250 milliunits in oxytocic activity and 120 milliunits in pressor activity per nmol) are in agreement with those known for the synthetic peptide (20) . Similarly the molar activity of mesotocin (240 milliunits of oxytocic activity per nmol) corresponds to the molar activity of synthetic mesotocin (20) . The peptide termed hydrin 1, in contrast to vasotocin, has virtually neither oxytocic nor pressor activities.
Amino acid compositions have been determined with materials isolated from the four-gland experiment and are given in Table 2 . Amino acid sequences have been established twice with peptides purified from the one-gland and twogland experiments, and results are shown in Table 3 . It is apparent from Tables 2 and 3 that the Xenopus peptide termed hydrin 1 has the same sequence as vasotocin with the C-terminal extension Gly-Lys-Arg. Values are in molar ratios, with aspartic acid taken as the reference. Cystine is destroyed under the conditions used. Proline was not seen when the amount analyzed was less than 1.5 nmol.
Identification of R. escuknta Neurohypophysial Peptides. Purification of R. esculenta neurohypophysial peptides has been carried out in the same way with 1, 10, and 20 glands, respectively. Fig. 2 shows separation by HPLC for the one-gland experiment. Amino acid compositions (Table 2) and amino acid sequences (Table 3) have been determined from materials purified from 20-gland and 10-gland batches, respectively. Chemical characterization of mesotocin and vasotocin of R. esculenta has previously been performed ( (9) (10) (11) , it appears that primordial provasotocin is constructed in the same way as provasopressin and comprises three domains-namely, hormonal nonapeptide, neurophysin, and copeptin. However, in contrast to the two-cleavage processing of provasopressin, the provasotocin processing involves only the trimming of the hormonal moiety, neurophysin and copeptin remaining attached as a "big" neurophysin (9, 11) . Amphibian vasotocin is expected to be linked in its precursor to a MSEL-type neurophysin through a Gly-Lys-Arg sequence (10) . It is generally admitted that complete processing involves successively the actions of an endopeptidase cleaving at the carboxyl side of the arginine ("dibasic" specificity) (21), a carboxypeptidase B-like enzyme removing arginine and lysine from the intermediates (22) , and an a-amidating enzyme converting the C-terminal glycine into a hydroxylated residue, which, in turn, by dismutation gives the hormonal amide group and glyoxylic acid (23, 24) . Processing is generally complete at the level of neurohypophysis because granules isolated from posterior pituitaries contain only mature products (25, 26) . However, incomplete processing has been detected in guinea pig neurohypophysis, with about 20%o of the vasopressin precursor remaining as a two-domain MSEL-neurophysin-copeptin fragment (27) .
Physiological Significance of Hydrins. The two precursor intermediates, hydrins 1 and 2, found in Xenopus and Rana glands, respectively, are devoid of oxytocic and pressor activities in contrast to vasotocin, whereas they are active on both the frog bladder (hydroosmotic activity) (see Table 4 ) and the frog skin (water-balance activity) (see Table 5 ). In fact Rana hydrin 2 has a frog skin activity significantly higher than vasotocin on a molar basis.
We assume that hydrins are physiologically functional in amphibians and act more selectively than vasotocin for the following reasons. (i) Hydrin 2 has been identified by HPLC in R. esculenta neurosecretory granules isolated from the neurointermediate lobe (unpublished results), whereas it is absent in goose neurosecretory granules (26 pophysial polypeptides identified in mammalian (25) or avian (26) neurosecretory granules are known to be present in blood.
(ii) A peptide that could be identified as hydrin 2 has previously been purified from R. esculenta neurointermediate lobes by adsorption onto neurophysin and ion-exchange chromatography. This peptide had an amino acid composition similar to that of vasotocin but a distinct chromatographic behavior. It had frog hydroosmotic and natriferic activities but no antidiuretic activity in both the rat and the frog in contrast to vasotocin (8) . (W) The frog bladder receptor has properties differing from those ofthe frog kidney receptor (4) . Oxytocin and the pentapeptide ring found in vasotocin/hydrins/oxytocin ("tocinamide") have relatively high toad bladder activities (for tocinamide, about 2.5% of that of vasotocin and 50% of that of oxytocin) (28) , whereas oxytocin and substituted analogs have virtually no frog antidiuretic activity (4) .
Note that the amount of hydrin 1 in Xenopus neurointermediate lobe is higher than that ofvasotocin ( Fig. 1 
